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1.0 Swmary

It had been demmgtrated by members of the Cremistry Division
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that Ba®* was carried from U.N.H, soluticn by PbSOA precipitates. The
caxditions of this _carrying have been established within wide limits of
the veriables tested. The lead carrler was re-dissolved and used repeat-
edly in successive fresh batches of UMH solution,

The sulfate precipitate was converted to acid solubl> earbonate
by metathesis with potassinm carbonate.

laboratory and semd-works scale tests indieate the possibility
of separating lead from barium by chenfeal precipitation Frocesses, but
electrolysis was recomended for the main-line operation on the basis of
semi-works tests that are recorded in andhher report,

A volure reduction after electrolysis was sought in carbonate
Frecipitation, with varfous reagents added to camplex Fe(llI),that was in-
troduced by corrosion,in a soluble form. A more satisfactary volume re-
duction was found in evaporztion,

Further purific:tion and decontamination resulted from the pre-
cipitation of Ba(NC3)2 by the addition of 5 volumes of 23M Hm3° In the
original plant operations the Ba(NO3)3 so obtaired was evaporated and shipped.
Several factors mede BaCl 2 appear to be a rore desirable rroduct, so the
operation was expanded to inelude a final precipitation with HCl and ethep,
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2.0 Introducticn
Kilocurde quantities of LailO were desired by the projest. 2

Frocess had been designed and wvas in produstion cn quantities up to 300

¢
curdes of the rarent Bat40 J‘Z The acals~up in activity and the attend~
ant development work was mdertaksn by Section I of the Pechnical Division,

The process that was chosen was based on phase separation by settling and

decanting of the supernatant. Changes were made later to filter the pre=

cipitates (nitrate and shlaride) obtaineq at the end of the preeess,
The goal set for this development work was to obtain a product
that did not exeeed the following specifications.

Iead 50 mg
Iren 10 mg
Chromium 5 mg
Nickel 5 mg
Strontium 50 mg
Inactive Barium 1000 mg

A specific activity that was as high as possible was sought and

in some runs has exceded 2,000 curies,
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. 5,0 Flowshests of the Ba‘"i*a Separatisn Process

Thres {lowsheebs are atltached %o thiec report, The first (Drawing
Des V72L) crosemcs the metal solutdon, extraction, and metatiwsis steps in
the process and the second {Drawing io, 1785) the eleetrolysis, and nitrate
snd chloride preclpitatiaa steps., The third flowsheet {Drawing No. 1337)
presents the chromate process which 7mas studied as an alternmate f{or separa-
iion of berium from the lead carrier. The flowsheets for the mainline pro=-
©&s3 are those issued December 21, 1945, shortly after all development work
on the process was concluded. These flowsheets inelude many changes which
vere made as a resull of the operation of the plant up to that time,

The mainline flowsheet includes the following steps:

1. Metal Sclution

‘_ : The uranium slugs are dissclved in m@oB after the aluzdnum

. coating has been removed with NaCH and NaNOy.,

2, Extraction
The Balz”o is extracted from the solution by soprecipitation
with PbSOh carrier.

3. Metathesis
The PbsSQ), and BaSG‘,& are cmvex:‘ted to the carbonates by treat-
ment with KyC0q solubion.
The lead 1s removed Trom the ?13*}03 solztion of the metathesis
cake by sleebrolysis to PZsDzu

5. Yolume Aedustion

The golubion iz avaporated to a small Tolume,

6. BalN03)p Precinitation

The barium as ihe nitrats is vrecipitated by addine fuming -
- [ —r O P
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4.0 Experimental

4.1 ZExbraction Step

The conditions first presented for the carrying of Ea¥ from
UNH cn PbSC, wcre, in the slurry, 40% URH {from 50 slugs), 1 2. Pb per
liter as nitrate and H S0, (12 added to 24 H,50;, then & stci‘ added
Lo 3.8) digested, settled and decanted,

~ second, third, and fourth extraction were made by pouring the
UNH solution from 50 more slugs onto the precipitate (which then dissolved).
Enough lead nitrate wes added to make up for thet lost In the waste, and
lead sulfate precipitated again,

In the first test recorded in Table 1 the recommended rrocedure
was employed, Large yellow crystals that formed on the third znd fourth
precipitations were probably uranyl sulfate precipitating as the resull of
evaporation,

Further tests (2, 3, 4 and 5, Table 1) varying the proporticns of

uranyl and sulfate ions demonstrated little difference in Ba¥® loss between

any of the tests,




. s Fo S et At D
Cortring Ba Tracar with Ph3Q,

saded last {18M to ccanc, of M

Test M| HS0,|  Fo Extracticn
Ho, Seals % £} /1 Ioss iiashes (6)
1 5 L WO 36 | 0. .2, 0,3 0.1
' 5.08% 3, 5a%
2 1L 35 | 2.2 Dol 4o 1 1.1
3 1L 35 3.6 O.d 3.2 8.4
‘ ) FY 1L 40 ’ 3.2 0.4 5.8 1.5
§
5 1% § 40 1 3,8 0.4 2.1 2.1
! i
- 2 X i

¥ large wolume of yellew crystalline precipitate formed here.
Dissolved in weiser washes. Probably wranyl sulfates
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Lomolutlon contalniag 330 ¢ UNH per Liter lost 45% of its volume unger

Additien of all Hp50, as & solution (in two, 1 L. seale tests,
220 and 4C0 g, UNH/1} resulted in waste losses of 1.3 - 1.4 Ba#, not
significantly different from the addition as 188 and & H,80;, solubions.

The rate of additien of ¥ HZSGA {all added as & to & Final con-
centration of 3.2M H,S is) made no sigrndficant difference in ths amount of
Ba¥* lost in the supernatant (1.2 ~ 1.5%) when the addition rate varied from
I omin, o 40 min, on 1 L. scale in the laboratory.

‘

Since the addition of lead nitrate before each sulfuric acid
sirike to replace lead lost in the supernatant did entail certain operational
risks it was considered advisable to test the effect of adding all of the
lead before the first precipitation. Yo significant differences in tardum

2

iosses were noled when all the lead was added before the first precipitation

Table 2),
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. The presence of §’03 in the UNK waployed for swirecrion

sff=ob on the Tak lost sn the supernatont . Ba® lossas wice leaa

3
4
’5

% - 1 Py
A LR £ SR

348 ar

-
e

ot
{‘i
i

Lracarveriztics of the reaction vesse
srystallizatica of load saifate. In glass vessels crysvals had Formed shen
Wag addsd Lo attain a soncentrazion of o3 L crecind
tats was wiolible at 1.84) I oa repetition of the above tes? in stainless
steai {25~12) crystals appeared at 1.4l Ha80; bub not at 1.24,

3 *

The csesaticn of agitation after all reagents had bren added

{ie. digested without agitanion) raised the Ba® losses in the wastes 4o 5% (oo
Lol experiment 7).
The method of washing the extraction precipitates; sither {a) :oh

. - times with 28% H SO, aud once with water or {b) once with 284 r‘zso& sad thezg
Lires with wabter made no disfspencs in Da® lost in the wash (both telow e

4.11 High Ppoduction fxtpastieon

To obtain the maxisum amount of barium per sxtraction it was cone

sidered possible to dissolve 47 slugs per batch and precipitate Pb from thres

- s

atches to obtain a total of 200 siugs (limited by size of extrastion vessel

in the final plant). The results summarized in ™sble ! 4 show the minisunm seid

cenoentration in the slurry to be 2.4% --wSQL} and beaumse of high lead solu-

\

LIlity, 0.8 grams of Pnu 4/ per liter are required in extraction.
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. 4o2 Helaihsselg
. The conditions recommended for metathesis in the 706~D process

included the addition to the extraction cake (100 z Pb plus Ba%* as sulfateg)
- of 20 =1, 44 2003 per gram of Pb{II}, digestion at 30 = 100°C for one-hslf
nour, <liutica with water {one-half hour) to 0,5M K5004; zooling, setlling

¥

and decanling. The sntire procedure was repeated. The reguits from such

- ~

ranag ore inelunded in Table &,

TABLE &

detathesis in Glzss Ecuipment

Ba Carrier added ]
g~ {full scale Scale | Hagbe Jolubden ! proguct Soluticn
2quizalent) Po{g) | Ba®(%)! Po(?) | Ba* % Y4
00 10 1.0 bols 99.0 a9
. I 1,0 5 1.6 1.8 106 74

Since difficulty was experienced in the solution of the metathaaia
cake qmiﬁ.tatﬁ.ve tests were made on ralative solubdliity (Tadble 7). Two

treatments were found 4o be better than ong,

TABIE

Solubility Behavior of ¥etathesis Cake

- - t 3 A, Fo) k4 IR
| Numbsr of 5004 Cone, Relstive Solubility in IX HNO
{ Treatrents After Dilution (1.5 times theoretical z-ount?
One 0. 5M Foamed, still cloudy after 40 min,
Two O.84 Less foaming, solition coapliets
. in 45 minutes r.%. i
Two 1M Same
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. 4,21 Residues from Dissolution of the Cake

Semi-works metathesis solutions usually contained some black,
iuseluble residue. Spectrographic analysis showed this moterial to be
P2, %i, and Cr (elements to be expected from the corrosion of
st2inless steel). The insoluble residue from semi-works run Ba-10 con-

teined less than 1% of the Sas,

4.22 Tariations from the Flowsheet Procedure

40221 Metathesis with 13 X-CO2 without Purther Diluvtion

For each treatment, there was used 150 ml. 1M
£2003 per g. Pb at 90-100°C for 15 minutes. After the second treatment
the cake was washed free from carbonate and dissolved in 25 mi, O,5M HNOB

. - per gram Pb, Of the total Ba¥ added 2.5% was found in the vaste (0,&%

£loating) and 97.5% in the cake solution,

5,222 Ystuthesis with 4M Na c0,

laboratory tests were carried out to study the possi-
138y of re-placing KZCO3 with 532003., The supernatants contained 3.9%
Ba2% and O.4% Pb when setiled at room temperature, 10 minutes in glass s 3 8.
velal Pb and contained 2.0% Ba® and 2.6% Pb when settled hot {50 - 100°0).

dope dnta are summarized in Table 8., Because of the higher losses in

matathesis with Zf*%azCQ,w this carbonate was not recommendsd for rlant uss,
-

| .




L
N e
b y v, s . - R N . . B .
e a T, . B - T
N * i
a . ¥
i .
- : Z E) 3
. : . R : ; ' Lo
: T i ; : : ’
e + N
e N i I i N -
. N > .0 .0
5 .
. H
o< et e R S e s LA P P —







e

-y o o

A3
A ud i wTh

i

i amArrsas e awrE

+ oyron

(RRE TS

=3

7w

ey

L4

-

A
&

|

Por s’

]
jaad

ta ¥ehatheszia
Soiution

e et e e ey




e
vy L
n
, . - ~a o om .- . E L. -
Lol post 3l g P - :

b4 Bl .
SN NN PR BV
7 Al WEILTLRAT2 :
LA g b apSbEdindu A
Yo oy
) Ay ;L
ey oy
RIS 4;.“3.«2?:
R B P S R
D”y CINRNNAL AN &2
o ke, e e
B e
i iy
i a
. i
; ) H
, N RSP
i p H
i1 : :
i3 h b -
t i - .
) B H :
‘ i ;
: 3 H -~ -
: 5 ! P
: i
e e it S ek et 2 . S . o = : 3 H




[P - . -
N - PO N A
. - o -
Za ‘ = 7 7 : T2yl 7 e I ne o BT TN PSS DI
H ha - S il = o WU wme L SO OLNIS AN TAS Lo OO

srE o in tids rsport oub
s o
TR e

Teon gynthenic petotheats cake 20 Lition cotaining Ba* and & full

o

zcale eculvalent of 1 p. 84 carriler wos oodes 10 mi 2M NaOH solutlon per

P
5-C Tor 0 minutes, 2ocoled and ceatrifuwed  The

&
process whs repeated once more. The Ha® loss was ik

.42 PbBry and BallPO, Precipitation

A solution of LU mi containing 0.065% mols HaBr was added to 130 mi
N

of 0 4 3263 containing 4 g Po and Ba®. After 1 hour of acitation the

siurry was centrifuged. 7o the supernatant was added 0.1 g Ba errrier

and Lo iﬁ"a}zﬁ?ok in % mi. of solution and NalH was added until a oK of

7 sas reached. thile 110% of tne starting Ba* was found in the barium phos-

pnate, =% of the Pb was also found here.

4 £3 Thosphate Prescipitation

Pb{20 g} was precipitzted at & pH2 in the preuence of 0.7M phosphate

in 200 mY solation. By adiusting the pH fto 7, 3a was prenipifizted «a the

e

chosvhate in 1.2 liters of sclubion

The analysis of the solations is glven below:

L5

% Ba¥ Pb, &g, full scalc equivalent

=t

Loas in lead phosphate 8.8

wa =

Tie2ld in supernatant 93.8 15

Tl T Shewmiam
B I i

toin werlium phozphate £6.3 0.5
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n Serbrate. The sliurry was

=ahed ond <disscolved Iin THO

3
The product zolution contalined 97, 93, 79 and 79%. of the borium tracer

and the full seale wolums sculwalent of 112, 115, 25 and 16 mg Pb respec-
tively {toclerance was set at 50 mg Fb). Barium losses in the waste solu-

tiens were .4, 9.7, 4.5 and 10.2% respectively.

Preliminary sccubing tests revealed that PbS precipiteted from
0. 54 1&03 carried 0.5% Ba* and higher‘losses resulted when the solution was
made in 1Y in NaClH. Colloidal sulfur was formed when st was bubbled through
the solution {0,5M HNOB) at 90°C. Solutiois neutralized with NaOH {after
HZS treatment) beféré the addition of K2003 did nct precipitate BaCOBU

The recommended procedure was tesied in glass equipment. One
iiter of sclution containing 100 g Pb, 500 mg Ba and Ba*, 100 mg Fe in C. %M
HNOS %15 treated over a 30 minute period with freshly prepared (NH,j, S
solution (made by adding 1M HoS tc concentrated NH,0H) to obtain a final
sencentration of M ammonium ion, The slurry was settled, the surematant
depanted and the preeipitate waghed. To the supernatant was : dded 409 chsg
{o7er a 30 minute period) to obtain 0.5% X3C03. The slurry was settled fo-
~na hour and decanted. The precipitate was dissolved in diiute Hﬁﬁs ans
Ba{li3) 3 precipitated by the addition of 5 volumes of 23U HNO, (fuming)

-

An advantage of thiz method is the decontamination from iron in the

3

Fh3 prscipitation. lead removal, also, was better than the goal scught 150 mo

final product). Three times out of four the Ba* yield was 85% or better. 4

for Jevziopment, hewever, ls the cne of the removal of the
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dowever, the borium can be
Dade Lo precipiiate above o 7, by tie cddibion of MaCH to the supernatant
from tne lead shromate preclplitation,  “Sarium losses in wastes {(table 12)

can e kepl lelow 76 and the lead in the priduct waa kept below 20 ag {tol-
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{1) 0.5 4o ZM HNO, for PhCrl, precipitation, settled well and re-dissclyed
in 43 H9D, cohtaliming 1M

= 12-14 for Balwd, precipitatlon, did not settle, centrifuged. i
0 - - - + 2 2 2 i
not dissclve compiffts

17 in Hﬁﬁj with or withoul ﬁaﬁ@z added.

£y - : - s N sk er 5
{3) Diechrramste used instead of chropate. No signiflicant difTershce 1o
physiczl behavior or yield between dichromate and chromate,
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SRCE PIA SpEST

)

» Ba in Pulr0, 2ale & 3.9 Q.3 0,3 i3
%

7 - s pr g i i~

% Ba in Supcroatant 75.5 183 98 80 =

A AR T .0 e 1 . st 3 s RS

sar s

§

. Mapch 2, 1943 flowshesd values: {a; 100 g Fb
{5} room temperature

- {e} 2.0 aguiv, Ha Cr207 per eguiv. b,
{d) dichromate added té Pb-3a soluticn

£

precipitates did not seitle any bteiter when the precinita=

tion was made hot, when triwvalent chromium was present, or when the chromate

3 veduced in the acld solutionm with Hzﬁzg or whern. the solution was made
aixaiine and oxidized with 10, to precipitate BaCrOQQ
Yislds in this latter procsss are indicated by 1.7 and C.4% Ba® in

toe supernatont from the product solution (7.8 and 17.4% Ba% respectively

unacecunted ford with 12 and 7 mg Pb {full scale equivalent) zsscciated with

the produch.
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cErrying was below tolerance it was leass thon 2

T;“;BLE ?&. E

ead and Borium Tields in the Single Step

Precipitation with Chromate (200 ml scals)

Test full 3deaie Bqudwalent of lesd {mg.) Ba® Tosa §
No, Startine Solubion | Preduct Solution | % :
1 10 388 1.2 %
W 35 1.2
i
3 100 15 2,0 :
. 2 .
i 10 7.5 1.4 !
i
5 10 7.5 1.6 ;
FARLE 16
Precipitation of Barium Chromate {200 m1.
0,02 full scale; results calculated o full scale)
: Ba#* loss N Products
e 0r 0y First second Ba® ki
| (5 Precipitation| Prseipitation || % img)
; E
Pl 33 ‘ 10,1 3.4 85.5 30
2 75 | 45 1.8 93.3 35
3 150 : 1.6 2.6 97.3 28
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A semi-works trial of the step as outlined in test 2,

1; Table 16
was made at cne-half scale and included centrifuging through a S~inch
0lid bowl. After the first preqipitatioa the waste solution cuntained
.75 of the Ba# and the product carried 2 g lead. ifter the second pre-

cipitation 50 mg lead remained with the product that accounted for 90%
of the barium. Vaste from the second precipitation contained C.6% of the
barium,

A attempl was mude to improve the settling characteristics of
barium chromate by using 2 g, stronbtium {on the full scale). In such a
test with only one product precipitation but othepr conditions similar to
those of test 3, Table 14 and settling of the product precipitate, the Bav
losses were 4.9% with a yield of 93.1%. Strontium would follow barium through

the nitrate precipitation but would be discarded in the waste from the

chloride precipitation.

4.5 Volume Reduction after Electrolytic Separation of lead

After the separation of lead by electrolysis a volume reduction
step was considered necessary. Barium carbonate is crystalline {settles
well) and has a low solubility (0.5 to 5% loss, tests 1 and 2 Table 17.
Since it was fairly certain that irom would be present in the process asolu-

tions, the process was checked with iron present and this geemed to inter-

fere with the settling of the precipitate {tests 2 and 4 Tabls 17V,

\




TABIE 17 -

. Jolume 3eduction afier Electrolysis

350 ml slectrolyzed solution {C.5 g Ba) was made
0.5 in X_CO, by the additien of .Qll Settled
3C minuted ak?d the supernatant decantg e

Test Ba* loss in
Number Remarks Supsrnatent {#)
i i zm, Ba, ) 7_036
2 5akes0a5;1e5
!
4o @ In stainiess steel, Ba., accumulated and 3.2 {
b dissolved in nex®t batch of electrolyte, 1.7
¢ Fe likewize accumulated L.3
d 3.1

4.6 Bapium Nitrate Precipitatilon

58

401 Precipitation of 8a\1‘303 2

Further purification of barium resuited fr.om the precipibation of
sapium nitrate {a crystalline solid that seitled well) frcm a2 solution that
was 18 to 20 in HNOB {made by adding 5 volumes of 23U HﬂOB to 1 volume of
agueous solutlon conbaining barium). Iosaés in the waste, alter sottling,

#ere beiow 3,65 when the barium concentrution was greater than 130 mg per

iiter {$abls 38).
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L.624 Irom, Chromium and Nickel

'l‘he‘ separation of barium from Fe by the carbonate volume re-
duction and nitrate precipitctions was shown to be sufficient to meet the
reculrement.s imposed, i.e. 10 mg in final product (see Table 19).

in another test where 200 mg each of Cr and Ni was added to 1 £
3a in 100 ml solution and precipitation caused by the addition of 5 volumes

23 HNO4, no detectable amounts of Cr and Ni were found in the product .,
4.625 Strontium

The fuming HNO3 step produced no significant separation of strontium
from barium under the conditions employed. A solution (250 m1) containing
50 mg strontium with tracer and 500 mg inactive barium was treated with §
volumes of 23M HNOB’ and agitated at room temperature for 30 minutes. She
supématant was decanted after allowing the preciritate to settle. The solid
dissolved in 250 ml of water was re-precipitated twice more in the same
manner. Anaiyses of waste solutions reveal 1.5, 4.3 and 3.5 mg Sr* lost in
the supernatants and 49.8, 37.5 and 34.2 mg Sp# respectively in the dissolved

product cakes,

4.63 Dissolving the Ba!NOB)2 Precipitate

It is difficult to dissolve the barium nitrate precipitate in a
small volume of water unless the supernatant (1aM HN03) were well separated
from the crystals. Settling and decanting did not separate the supernatant
sufficiently well to produce a readily soluble precipitate (1 gram total

barium as nitrate and 200 ml. water),
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f TABLE 19
o g
Separation from fsad and lran
: ; . Ba¥ losses % Ba in | Fb Fa T
Fe&ﬁ : Qarbcnate pr | HNGB 3 Finala Added | Residual] Added ! Residual :
| Mumber | .agte l.aste vash* |Solution { mp g g g, g
1 3.4 3.4 0.3 % |25 8 - 1
2 1.9 2.5 0.8 56 |25 5 - 1
3 L6 1.5 3.5 | 118 |50 7 50 1
e 2.0 3.5 92 |50 1 50 1
5 3.7 1.3 S L1 85 150 126 100 1
6 L8 3.0 ; HA 93 50 88 100 1
7 3.6 1.7 0.4 | 89 s |17 00 |7
8 3.5 0.8 .5 | er lso |99 00 | 7
® 2.5 0.8 0.5 72 |28 16 250 2
) 10 3.3 1.0 0.6 s6 | 28 9 250 2 *
) i1 2.7 0.2 Ouly g loaoo ! 25 3 f
2 2.7 | 0.5 o4 9 | 200 |26 25 3
3 . 03  jo1} 17 |- - - é
L 0,2 0.2 | 107 |- - !

#12 thru 174 one 10M HNO,4 wash,
18 thru 187 two washes with dioxans.
Runs 16 and 16A were from semi-works run Ba-27.
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4,631 YVashing with Dioxane

It-was proposed that the nitric acid be removed by washing with
dioxane (a water soluble organic solvenf), Dioxane, however, does not
appear satisfactory since there is a reaction between nitric acid and
dioxane., Reaction with fuming nitric acid at room temperature gave voluminous
rown fumes and a white solid (in 25% yield) that was identified as oxalic

acid (by melting point, neutralizatiocn equivalent and permanganate titration).
4.632 Filtration

In the process that was finally adopted by the plent, the bariym
nitratc precipitate was filtered on a sintered glass disc to provide separa-

tion of solid from supernatnant with low hold-up of supernatant.

4.7 Chloride Precipitation

Operating experience in building 706-~D proved the barium nitré.te
precipitation to be insufficient to provide the required decontamination
from other metzllic ions. Since 706~C had employed barium chloride pre~
cipitation with HCl~ether to good advantage; certain varicbles were checked
in the laboratory before submitting the process to 706-D. The flow-sheet
process has been outined in Table 20 along with the quantitative data obtained
in several tests,
(1) Control tests on half and full scale revealed 2.6 and 3.4% Ba¥ lost
in the supernatant; at the same time decontamination facto:s of
25 for Pb(II) and over 1000 for Fe(III) resulted (Tests 1 and 2).
(2) Doubling the volime of the aqueocus solution containing tracer and
carrier approached the limit of operability. At higher dilutlons
(3 and higher) waste losses amounted to 15% and more, (Tests 3 - 8l.

(3) 1Little difference in the loss of Ba¥ in the waste resulted from =
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. ’ variation of the rotic of volumes of HCLl/ether betueen 0.1 and

o

At higher HCL concsutrations, however, Pb{II) decontamination wes

bt o $oovn o a0 & I 3 )
cetier by a fachor of 3. (Tests $ and WC),
;o w2 .} - - . R o o EFA
. L, times the flowsheet volume ratio aof Hl-aihew

D < o IETIE e - S AU S SN Ly i P s
s Lracer solution produced apparent nigher losses in the super-

a3 :

. [T s - ; 2 : .. .
aatant, (4 factor of 2 in tests 19 - 24 inclusive.)

o

{5, Ho sipnificant difference ln vaste L0ss was nobted ty warying the
a g, - . s I i« Ce ’ 3
temperatare Trom O to 30°C. At the higher temperatur~s lead decon-

5\

tamination was betler {factor 3 - 8) {Tests 25 - 28} .

Lo Sther organic solvents [namely dioxane, etheylens gilycol, n-

butanol and isopropancl were substiiuted for ethsr without signi-
ficant changes in the waste loases {Teats 29 - 32).
j One~tenth scale fests with only alkali metal chlorides in the

. wjuecus solution precipitated solid from a solution containing 108

]

¢
-

¥CL or 37 HaCl, no precipitate was formed with 20% F-EE&CL

The precipitation of Ba{.."l? by HCl-ether offers a convenieni method
Jor deconteminating the product precipitate. The range of conditions, in
which Lhe waste losses were reasonably low, was broad encugh to permit remote

control aperation,

TABIE 20

Precipitation by the HOl-FBther Prosess

?.a

5
[ 88

et

scale exporiments ubilized 50 ml barium {IT) tracer solutim

containing 500 mg bariom {II) carrder and 250 mg each of Pb(II) and Fe{ill),

5y

ne miviure after agitation with alr for 10 minuies

. at reom temperature was filtered through a sintered glass disk and washed Lwice

. with 50 ml of eihyl alechol solution containing 4% HC1,
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5,.8 Freezing Points of Process Solutions

Mo solidification or crystallization occurred on cooli-rg the
£ollowing solutions to ~15°C; 60% HNO3, cooting removal waste solution,
35% HoS0,, 50% K03, extract slurry, extraction waste, unwashed extrac-
tion cake, 50% HyS0, (+ 26 HNO3), 25% H,S50, (1% H350,) and 48% UNH.

The 50% NaOH solidified at 20°C; the cooling curve shows a
break at 6°C., 77% UNH freszes at 45°C; 6%er(N03)2, at -1°C; PbS0,, extrac-
tion cake slurry, at -3°C; metathesis waste, at -6°C; NagCO5-NagP0, neutraliz-

ing solution for extraction waste, at 35°C; and the neutralized extraction

waste, at -6°C,
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5.0 iaste Disposal

waste soluticns from the process had o be alkaline for transporting
Lhior; b the waste sysiem. The pipes are steel and the storage tanks ars cone
erate; zcdld solullons might well causs serious damage that would be difficult
to repair because of the radic astivity, Since all of the solutions did con-
bain large quantities of radiocactive ilsctoses il was necessary to remove them
through the regular hot waste sgystem.

The solution contoining aluminum from the jacket removal is alkaline
and can be discardsd without further itrzatment,

The waste metal solution from which has been precipitated lead sul-
fate carrying barium was made alkaline with sodium carbonate and tri-sodium
phosphate. The zcmposition of the solution then approaches the waste metal
solution from the plutonium process.

.Carbonate'waste solutions from metathesis can be handled without
further treatment.

The process chosen for the separation of lead from barium being
electrolysis, cne of the wastes for disposal was Pb02 that had been plated on
a platinum screen, This material dissclved resdily in a mixture of HMOB and
H O and was neutralized with NalH.

22

The concentrated HNO_ waste was poursed inte 30% NaCH for neubrali-

3

Hydrochloric acid waste solutions were transferred from glass zquip-
ment and dropped onto a large volume of 1% KaOH to make alkaline and dilute,
The chromate waste disposal tests were made at 1/10 full scale. Ths

amounte are given in full scale equivalents,
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e PanD& oy-product zake was slurried in 2 liters & HNOB? i liter
Ji BaNC; was acded zng .4 Liters 4 ¢ wash. Agitated with air for 1 hour ot

(o]

(ot |
o
&
by}

gaction was complete in 20 ainntes.
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7.0 Apoendix

71 ¥lexusoplce Examination of Precipitatss

Hicrophorographs were made of some of the prazcipitates propared under
varyire coﬁditionsA All photographs were tiken using the same magnificztion,
abovt 150 diameters.

Lead sulfate irystals made in glass at lnerszsing temperalires are

shown in flgures 1, 2 and 3. Larger crystals resulied from precigitition at

oy

igher temperatures; these larger corystals are more desirable for this ore-

cipitate that 1s sepasrated by setitling. The lead sulfate crystuls shown in
figures 4, 5, & and 7 were made under conditions more neurly approximasting these

recommended in the {lewsheetl . Large crystals resulted from nigh digestion tems

eratures in stainliess steesl zlso.

Lead chromate precipitaie, shown in figurs 8, contained icrgs

which fuct was reflected in the rupid settling rate of all similar lesad chronats

igures ¢ and 10 the small particle slze is epparent. Pocor zetiling

H‘,

in
{incomplete in & hours) was characteristic of mest of the barium chromsiss pre-
i ”J

pared HNonz of the tricks employed made this precipitate settle any more rapidly.




Dreving # 4326

‘Eury §. FOSOL cryutals made by pre-
e uting*btmc 274 UNH solution
at 3.AM in H 30, in glass at 20-30°C.

B eare T aaapt. st 505600,

: . W‘ crystals made as those
: _ . in 1 except at 90-100°C,




Brawing # ,327

- Figure 4. Pb30, crystals made by pre-
\’ ' oipitating Pb from a 27% UNH solution
‘ at 2M H SO, at 20-30°C. in stainless
steel,

% PbSO, crystals made as those in
'S u&opt solution made 3.4M in

| ‘ H,30, and digested at 90°C.
. S AN

6. PbS0, crystals made by precipi-
at Pb from a UNH golution at
Al Hp30, at 90-100°C. in stainless steel.

H % A
.
e
by ‘
.




Drawing # 4328

Q%_;. PbS0, crystals made as those
igure 6 except solution made
3.4M 1in H S0, and digested at 90°C.

Iigure 8. PCr0, crystals made at room
temperature adding 960 m1, O,5M
lagcrio-, solution over ons hour to
&2 - of solution containing 100 g,
Pb, 0.5 g. B‘, 1.4 m’o

*
-

Ba Cr0, crystals made by add-
%n. ﬁllamrllzmat
room temperature to the clear offlwent

remaining over PbCr0, precipitate of
Pim ‘. b \

.




Drawine # 4329

-do~
" - ° ] Figure ]0. BaCr0, crystals made by add-
DR - ing to the clear effluent remaining
.« * " . ., over PbCrO, precipitate of Pigure i,
. s : 25 ml. 3% 2,tbontddin¢at7o-m.
over 0.5 h 800 ml. 1OW NaON and
.' ‘ digesting 0.5 hours.
* . * - .
‘ -—
e
¥ y P _’~ ;r ] },— 1Cd
£ A < :
' YA . //9‘//
- < ~. “-— | Iigere 1]. crystals, carbonate con-
oo 2 : mtraump, made l’w adding 50%
=y e A S solution to the electrolysed
. — 7 =% T e - ion at room temperature until O,5M
ez X . ,=—_23 in K%
= N S
’ PANEC N =R
= NTE S
et SN 4
///\‘ /dy/._ N N \‘ )
A o o Ze \_Yi_«_ﬂ,

%:( 2 erystals made by add-
ing to Ba(M0y), solution
until 18 in .
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